Cardiovascular diseases (CVD) are the main cause of death globally and most CVD can be prevented by addressing their risk factors, such as an unhealthy diet. Many authors have studied the benefits of nut consumption on CVD. Nuts contain high amounts of vegetable protein, unsaturated fatty acids, dietary fibers, vitamins, minerals and many other bioactive compounds, like phytosterols and phenolic compounds, which are able to reduce cholesterol levels and promote antioxidant and anti-inflammatory effects, thereby reducing cardiovascular risks. This review aims to describe studies involving the consumption of nuts, including Brazil nuts and CVD risk factors with positive results in the improvement of lipid profile, glucose metabolism, vascular function, and inflammatory and oxidative stress biomarkers.
Introduction
Cardiovascular diseases (CVD) are the main cause of death globally: more people die annually from CVD than from any other cause. 1 Multiple cardiovascular risk factors, including hyperlipidemia, hypertension, diabetes and smoking are associated with excessive production of reactive oxygen species and increased oxidative stress and inflammation, and promote vascular cell damage. Consequently, increased inflammation and oxidative stress is considered the major mechanism of the pathogenesis of endothelial dysfunction. 2 T h e u s e o f b i o a c t i v e c o m p o u n d s s u c h a s monounsaturated and polyunsaturated fatty acids, phenolic compounds and some minerals to reduce CVDrelated oxidative stress and inflammatory processes have been investigated. 3 Nuts are known to contain high lipid content, mostly mono-(MUFA) and polyunsaturated fatty acids (PUFA). Together with others nutrients, MUFA and PUFA may promote plasma cholesterol reduction and exert an anti-oxidant and anti-inflammatory effect, thereby reducing cardiovascular risk factors. [3] [4] [5] Edible nuts include tree nuts (almonds, hazelnuts, walnuts, pistachios, pine nuts, cashews, pecans, macadamias, Brazil nuts) and peanuts. They have a similar nutrient composition, containing high amounts of vegetable protein, unsaturated fatty acids, dietary fibers, vitamins, minerals and bioactive compounds, like phytosterols and phenolic compounds. 6 Therefore, the present review aims to describe the effects of nut consumption, as a coadjutant therapy for prevention of cardiovascular diseases, with a special focus on Brazil nuts, considering the lack of studies on the direct effect of Brazil nuts on established cardiovascular risk factors.
Methods
A literature search was conducted using the PubMed/MEDLINE database for studies on the effects of nut consumption, including Brazil nuts, on CVD risk factors such as lipid profile, glucose metabolism, vascular function, inflammatory and oxidative stress biomarkers. The following MeSH terms were applied in the search: cardiovascular diseases/ brazil nuts/ 
Nuts and cardiovascular disease
Several studies have been conducted considering the beneficial association between nut consumption ( Table  1) and CVD risk factors (Table 2) . 3, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Dose-response analysis of nut consumption and the risk of coronary artery disease (CAD) have been described, and a higher consumption of nuts was significantly associated with reduced risk of CAD when compared with a lower consumption. In fact, an increase in nut consumption by one serving per week significantly decreased the risk of CAD by 5%, and the protective effect was associated with a consumption of two servings/week. 7 A study that evaluated nut consumption and cardiovascular risk factors in the United States population, showed a mean usual intake of tree nuts of 44,3 ± 1,6 g/day. Nut consumption was significantly associated with beneficial effects in body mass index, waist circumference, blood pressure, insulin resistance, lower chance of obesity and overweight and increase in high-density lipoprotein cholesterol (HDL-c) levels. 8 The lipid profile in CAD patients and the consumption of almonds was assessed by Jamshed et al. 9 In their study, participants were divided in three groups: non-intervention, Pakistani almonds and American almonds. After the consumption of 10g/day of Pakistani or American almonds for 6 weeks, the authors observed an increase in HDL-c levels, and a decrease in triglycerides (TG), low-density lipoprotein cholesterol (LDL-c), very low density lipoprotein (VLDL), total cholesterol (TC) to HDL-c and LDL to HDL-c ratios, and in the atherogenic index (calculated by the non-HDL/ HDL-c ratio) in comparison with non-consumers. There were no significant differences in the cardiovascular risk factors evaluated between the Pakistani almond consumers and the American almond consumers. The authors concluded that consumption of almonds can improve lipid profile and could be used as an adjuvant in the treatment of dyslipidemias. 9 Kasliwal et al., 10 evaluated the effects of daily supplementation of 80 g of pistachios in shell, roasted and salted for three months and observed a significant increase in HDL-c and decrease in LDL-c, TC/HDL-c ratio and fasting blood glucose. Vascular function was also evaluated by measurement of the brachial artery flowmediated vasodilatation (BAFMD), and carotid femoral and brachial-ankle pulse wave velocity (cfPWV and baPWV, respectively). After supplementation, there was a significant reduction in left baPWV. These results demonstrated the positive effect of pistachios on the lipid profile and the vascular function in dyslipidemic adult patients. 10 Sauder et al., 11 evaluated the effects of 59 g -128 g of pistachios on lipid profile, glycemic control, inflammation and endothelial function in type-2 diabetes patients. After four weeks the authors observed that TC, TC/HDL-c ratio and TG, as well as fructosamine levels were significantly reduced.
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Damasceno et al., 12 evaluated three types of diets in hypercholesterolemic subjects -a diet enriched with virgin olive oil (35 to 50 g daily), almonds (50 to 75 g daily) or walnuts (40 to 65 g daily) for four weeks. The amounts of each nutrient were calculated according to total energy intake. Among the three diets, almond-enriched diet showed to have the greatest hypocholesterolemic effect, which could be explained by the presence the higher content of phytosterol in almonds compared with olive oil and walnuts. 12 One of the hypothesis for the hypocholesterolemic effect of nuts is their high amounts of phytosterols.
Phytosterols are non-nutritive components of plants that play an important structural role in membranes,
where they serve to stabilize phospholipid bilayers just as cholesterol does in animal cell membranes. 6 These compounds are able to displace cholesterol from intestinal micelles thereby reducing its absorption and leading to a reduction in LDL-c and TC (Figure 1 ). 4, 13 Nuts are also an important factor to modulate hypertension, since MUFA and PUFA are able to reduce serum levels of thromboxane A2, which is a vasoconstrictor. 4 In addition, the mineral content of nuts develops a key role in hypertension, as magnesium found in nuts stimulates the production of nitrous oxide, a vasodilator, and blocks the calcium channels, promoting vasodilatation. Furthermore, potassium can modulate the extracellular fluid volume reducing peripheral vascular resistance (Figure 1) . 4, 14 A review study investigating the association between nut consumption, hypertension and endothelial dysfunction showed that there are insufficient epidemiological data associating nuts with the prevention of hypertension, 14 which was reported in only two prospective studies. The first study was a prospective cohort conducted by Djousse et al., 15 with participants from the Physicians Health Study I, who were free of hypertension at baseline. The authors showed a lower incidence of hypertension in usual consumers of nuts compared to non-consumers, although they did not consider the consumption of salt and body weight changes, two major factors associated with the risk of hypertension. The other study, conducted with Spanish university graduates followed-up for a median of 4.3 years in the SUN cohort, did not observe any association between nut consumption and the incidence of hypertension, after adjustment for several confounders. 15, 16 The effects of nuts on novel coronary heart disease risk factors including oxidative stress, inflammation and vascular reactivity have been evaluated, 6 and showed to promote beneficial effects on vascular reactivity by decreasing endothelial activation and improving flow-mediated vasodilatation 2 and nitric oxide-induced endothelial relaxation. As nuts are an excellent source of antioxidants, it's no coincidence that they are related to an improvement of the oxidative status. 6 A study that evaluated oxidative stress and endothelial function in metabolic syndrome patients showed that the consumption of 30 g of mixed nuts for 12 weeks reduced significantly DNA damage (measured by the 8-oxo-dG urinary excretion). 17 Inflammatory biomarkers were also assessed and showed a significant decrease in interleukin-6 (IL-6) after nut consumption compared with the control group. After adjustment for changes in body weight, this statistical significance was reduced; however, there was still a borderline improvement in inflammatory markers in these patients.
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The effect of walnuts on inflammatory biomarkers in subjects with cardiovascular risk was also assessed in a cross-over study. Men and postmenopausal women (age ≥ 45 years and ≥ 50 years, respectively) were included in the study. Participants were obese or overweight and had one or more of the following risk factors: smoking habits, hypertension, familial hypercholesterolemia and type 1 diabetes. Intervention consisted of two 5-week Review Article experimental period: during one period, participants consumed a walnut paste-enriched diet and a low-fat meat (LM) diet during the other. In the first group, there was a significant decrease of soluble vascular and intercellular cell adhesion molecules (sVCAM and sICAM, respectively) and leukotriene B4 (LTB4) compare to the baseline and also compared to the LM diet, improving the proinflammatory status and endothelium damage.
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A study evaluated the effects of hazelnut-enriched diet on cardiovascular biomarkers in hypercholesterolemic subjects. The diets were applied to the same group and divided in three periods of four weeks each: control diet I, preconized by the National Cholesterol Education Program adult treatment panel (ATP) III step 2 diet (7% energy from SFA and 200 mg/dietary cholesterol), a hazelnut-enriched diet that corresponded to 18 to 20% of the dietary daily energy intake (49 to 86 g/day) and control diet II, that was equivalent to control diet I. The association of the hazelnut diet with measures of endothelial dysfunction assessed by the flow-mediated dilatation (FMD) technique, showed a significant improvement, besides a significant negative correlation with sVCAM-1 and the enriched hazelnut diet. Among the inflammatory biomarkers, C-reactive protein (CRP) and sVCAM-1 showed a significant reduction during the hazelnut diet. The authors demonstrated that the improvement on biochemical parameters and endothelial dysfunction after the consumption of a hazelnut-enriched diet nearly returned to basal levels after the control diet II, showing the importance of a regular consumption. 20 The recent publication in the Journal of the American College of Cardiology about nutrition trends for prevention and treatment of atherosclerotic cardiovascular diseases recommends the consumption of 30g/day of nuts, regarding portion control to avoid weight gain. 21 Among the nuts, it is worth mentioning the Brazil nuts, as being the largest of the commonly consumed nuts from the Brazil nut tree (Bertholletia excelsa), which is a native of South America. The Brazil nut tree was originally discovered growing in hard, well-drained soil along the Amazon River in countries such as Brazil, Peru, Colombia, Venezuela, and Ecuador. Recent studies have been conducted associating Brazil nuts with many health benefits, mainly including cholesterol-lowering effects, antioxidant activity, and antiproliferative effects.
22

Brazil nuts
Brazil nuts are the main source of selenium, constituents of selenoproteins, such as glutathione peroxidase (GPx) that promote cardiovascular benefits because of their antioxidant properties (Figure 1 ). Brazil nuts are also a good source of unsaturated fatty acids, with a high content of MUFAs (~50%), proteins, fiber, magnesium, phosphorus, thiamin, niacin, vitamin E, vitamin B, calcium, iron, potassium, zinc and copper. 22, 23 (Tables  3  24,25 and 4) .
Earlier studies involving the consumption of Brazil nuts and its effects on cardiovascular risk factors showed an improvement in antioxidant status and lipid biomarkers. 26, 27 A randomized study conducted with 59 New Zealand adults, demonstrated a significant increase in plasma selenium and GPx activity in whole blood after the consumption of two Brazil nuts/day (corresponding to 53 µg of selenium) for 12 weeks, being as effective as the supplementation with 100 µg of selenium seleniomethionine. 26 A significant increase in plasma selenium was also seen in the study by Strunz et al., 27 with 15 normolipidemic subjects after the consumption of 45 g/day (about 11 units) of Brazil nuts for 15 days. Concerning lipid abnormalities, although the lipid plasma profile did not alter, it was observed an Studies involving healthy volunteers analyzed the lipid profile and inflammatory biomarkers after a single consumption of 20 g of Brazil nuts (about four units) and showed that Brazil nuts were able to significantly increase the levels of HDL-c and lower LDL-c and significantly decrease the atherogenic ratio index (AR index). On the other hand, serum triglycerides and total cholesterol did not reduce significantly. Plasma selenium significantly increased after the ingestion of 5, 20 and 50 g of nuts, but its concentrations were not significantly different between the different levels of ingestion. The levels of inflammatory biomarkers IL-1, IL-6, tumor necrosis factor-alpha (TNF-α) and interferon gamma (IFN-γ) significantly decrease and the levels of IL-10 significantly increased after the ingestion of 20 or 50 g of nuts. Other inflammatory and oxidative stress biomarkers, such as C-reactive protein, erythrocyte glutathione peroxidase activity, DNA damage and δ-aminolevulinate dehydratase activity, did not show significantly results. 23, 28 Obese female adolescents were also evaluated after consumption of 15 to 25 g Brazil nuts daily during 16 weeks and compared with a placebo group (PG). The authors showed a significant reduction of TC, LDL-c and TG in the Brazil nuts group (BNG). Concerning the antioxidant capacity biomarkers, the oxidized LDL (LDL-ox) levels significantly decrease in BNG compared to PG after the supplementation. Plasma selenium and red blood cell velocity (RBCV), a marker of microvascular function, showed a significant increase after the supplementation, demonstrating the positive effect of Brazil nuts on lipid profile and microvascular function in this population.
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Similar results were described in a study with obese women; the consumption of one Brazil nut per day for 8 weeks, significantly increased HDL-c and decreased AR index, calculated through Castelli I and II indexes. Besides, a significant increase by 138% in plasma selenium status, and 46% in GPx activity were found after the consumption of Brazil nuts. 30 In studies with hemodialysis patients, after 3 months of supplementation with one Brazil nut/day, there was a significant decrease in LDL-c and AR index, Castelli I and Castelli II, as well as an expressive increase in HDL-c. However, no significant changes were found in total cholesterol and TG levels. There was also a significant increase in plasma selenium and GPx activity. Regarding the oxidative DNA damage and lipid peroxidation, 8-hydroxy-2-deoxyguanosine (8-OHdG), malonilaldehyde (MDA) and 8-isoprostane showed a significant decrease, as well the inflammatory markers, IL-6, TNFα, CRP, and factor nuclear kappa B (Nf-κB) an important regulator of the transcription factor. Subsequently the authors evaluated the nuclear factor erythroid 2-related factor 2 (Nfr2), which plays an important role in the activation of several pathways against cellular oxidative stress and NAD(P)H:quinone oxide reductase 1 (NQO1), and phase II detoxifying enzymes, which also decreased significantly after the supplementation. [31] [32] [33] [34] It's important to highlight, in this case, that most patients had selenium deficiency before the supplementation, which was reversed after the consumption of one Brazil nut per day.
Hypertensive and dyslipidemic patients were also studied after the supplementation of 13 g/day of granulated Brazil nut for three months. The results showed a significant increase in selenium plasma, GPx activity and decrease in LDL-ox. 35 The microvascular endothelial function was also assessed, showing a significant increase in nitric oxide, with no change in systemic microvascular reactivity or density. 36 Concerning the lipid profile, total cholesterol and apolipoprotein A1 (Apo A1) significantly decrease compared with pre-supplementation. 37 Other studies evaluating Brazil nut supplementation were described in the review from Cardoso et al. 38 A study conducted with children that received 15 to 30 g (3 to 6 units) of Brazil nuts three days per week showed a significant excess of selenium intake, combined with high levels of selenium in plasma, erythrocytes, urine, hair and nails, with no signs of selenosis, though. 39 Another study involved older patients with mild cognitive impairment, and after the supplementation of one Brazil nut during six months, it was observed an improvement in selenium status, with a significant increase in plasma, erythrocyte and GPx activity, as well as an improvement in performance in cognitive tests. 40 The potential effect of Brazil nut regarding the development of colorectal cancer was also investigated, and after the supplementation of six nuts for six weeks, the selenium levels increased in plasma with upregulated expression of genes associated with selenoproteins (SePP) and decreased rectal gene expression of β-catenin, biomarkers related to colorectal oncogenesis. 41 As previously discussed, Brazil nut consumption is effective in improving lipid profile, and inflammatory and oxidative stress biomarkers in different populations, including healthy subjects, obese women, and hemodialysis patients. This review showed the vast benefits of the consumption of nuts on cardiovascular risk factors and drew attention to the lack of studies showing the effects of Brazil nuts in this regard.
Conclusion
The nutritional composition of nuts, abundant in unsaturated fatty acids, antioxidant minerals and
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